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(57) In a first aspect, a method of managing work in 
progress within a small lot size semiconductor device 
manufacturing facility is provided. The first method in- 
cludes providing a small lot size semiconductor device 
manufacturing facility having (1) a plurality of processing 
tools; and (2) a high speed transport system adapted to 
transport small lot size substrate carriers among the 
processing tools. The method further includes maintain- 
ing a predetermined work in progress level within the 



small lot size semiconductor device manufacturing fa- 
cility by (1 ) increasing an average cycle time of low pri- 
ority substrates within the small lot size semiconductor 
device manufacturing facility; and (2) decreasing an av- 
erage cycle time of high priority substrates within the 
small lot size semiconductor device manufacturing fa- 
cility so as to approximately maintain the predetermined 
work in progress level within the small lot size semicon- 
ductor device manufacturing facility. Numerous other 
aspects are provided. 
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Description 

[0001] This application claims priority from United 
States provisional application Serial No. 60/443,001 , 
filed January 27, 2003, the content of which is hereby 
incorporated by reference herein in its entirety. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to 
semiconductor device fabrication systems, and more 
particularly to the transportation of substrate carriers 
within a fabrication facility. 

CROSS REFERENCE TO RELATED APPLICATIONS 



U.S. Patent Application Serial No. 1 0/650,480, filed 
August 28, 2003 and titled "Substrate Carrier Han- 
dler That Unloads Substrate Carriers Directly From 
a Moving Conveyor" (Attorney Docket No. 7676); 

U.S. Provisional Application Serial No. 60/443,087, 
filed January 27, 2003 and titled "Methods and Ap- 
paratus for Transporting Wafer Carriers" (Attorney 
Docket No. 7163/L); 

U.S. Provisional Application Serial No. 60/443,153, 
filed January 27, 2003, and titled "Overhead Trans- 
fer Flange and Support for Suspending Wafer Car- 
rier" (Attorney Docket No. 8092/L); 

U.S. Provisional Application Serial No. 60/443,115, 
filed January 27, 2003, and titled "Apparatus and 
Method for Storing and Loading Wafer Carriers" (At- 
torney Docket No. 8202); 

U.S. Provisional Patent Application Serial No. 
60/520,180, filed November 13, 2003, and titled 
"Calibration of High Speed Loader to Substrate 
Transport System" (Docket No. 8158/L); and 

U.S. Provisional Patent Application Serial No. 
60/520,035, filed November 13, 2003, and titled 
"Apparatus and Method for Transporting Substrate 
Carriers Between Conveyors" (Docket No. 81 95/L). 

BACKGROUND OF THE INVENTION 

[0004] Manufacturing of semiconductor devices typi- 
cally involves performing a sequence of procedures with 
respect to a substrate such as a silicon substrate, a 
glass plate, etc. These steps may include polishing, 
deposition, etching, photolithography, heat treatment, 
and so forth. Usually a number of different processing 
steps may be performed in a single processing system 
or "tool" which includes a plurality of processing cham- 
bers. However, it is generally the case that other proc- 
esses are required to be performed at other processing 
locations within a fabrication facility, and it is accordingly 
necessary that substrates be transported within the fab- 
rication facility from one processing location to another. 
Depending on the type of semiconductor device to be 
manufactured, there may be a relatively large number 
of processing steps required, to be performed at many 
different processing locations within the fabrication fa- 
cility. 

[0005] It is conventional to transport substrates from 
one processing location to another within substrate car- 
riers such as sealed pods, cassettes, containers and so 
forth. It is also conventional to employ automated sub- 
strate carrier transport devices, such as automatic guid- 
ed vehicles, overhead transport systems, substrate car- 
rier handling robots, etc., to move substrate carriers 
from location to location within the fabrication facility or 



[0003] The present application is related to the follow- 
ing commonly-assigned, co-pending U.S. Patent Appli- 
cations, each of which is hereby incorporated by refer- 
ence herein in its entirety: 20 

U.S. Patent Application Serial No. 1 0/650,31 0, filed 
August 28, 2003 and titled "System For Transport- 
ing Substrate Carriers" (Attorney Docket No. 6900); 

25 

U.S. Patent Application Serial No. 1 0/650,312, filed 
August 28, 2003 and titled "Method and Apparatus 
for Using Substrate Carrier Movement to Actuate 
Substrate Carrier Door Opening/Closing" (Attorney 
Docket No. 6976); 30 

U.S. Patent Application Serial No. 1 0/650,481 , filed 
August 28, 2003 and titled "Method and Apparatus 
for Unloading Substrate Carriers from Substrate 
Carrier Transport Systems" (Attorney Docket No. 35 
7024); 

U.S. Patent Application Serial No. 1 0/650,479, filed 
August 28, 2003 and titled "Method and Apparatus 
for Supplying Substrates to a Processing Tool" (At- 40 
torney Docket No. 7096); 

U.S. Patent Application Serial No. 60/407,452, filed 
August 31, 2002 and titled "End Effector Having 
Mechanism For Reorienting A Wafer Carrier Be- 45 
tween Vertical And Horizontal Orientations" (Attor- 
ney Docket No. 7097/L); 

U.S. Patent Application Serial No. 60/407,337, filed 
August 31 , 2002, and titled "Wafer Loading Station 50 
with Docking Grippers at Docking Stations" (Attor- 
ney Docket No. 7099/L); 

U.S. Patent Application Serial No. 1 0/650,311 , filed 
August 28, 2003 and titled "Substrate Carrier Door 55 
having Door Latching and Substrate Clamping 
Mechanism" (Attorney Docket No. 7156); 
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to transfer substrate carriers from or to a substrate car- 
rier transport device. 

[0006] For an individual substrate, the total fabrication 
process, from formation or receipt of the virgin substrate 
to cutting of semiconductor devices from the finished 
substrate, may require an elapsed time that is measured 
in weeks or months. In a typical fabrication facility, a 
large number of substrates may accordingly be present 
at any given time as "work in progress" (WIP). The sub- 
strates present in the fabrication facility as WIP may rep- 
resent a very large investment of working capital, which 
tends to increase the per substrate manufacturing cost. 
[0007] When a fabrication facility is fully operational, 
reducing WIP decreases capital and manufacturing 
costs. WIP reduction may be achieved, for example, by 
reducing the average total elapsed time for processing 
each substrate within the fabrication facility. 
[0008] Previously incorporated U.S. patent applica- 
tion serial no. 10/650,310, filed August 28, 2003, titled 
"System for Transporting Semiconductor Substrate 
Carriers" (Attorney Docket No. 6900), discloses a sub- 
strate carrier transport system that includes a conveyor 
for substrate carriers that is intended to be constantly in 
motion during operation of the fabrication facility which 
it serves. The constantly moving conveyor is intended 
to facilitate transportation of substrates within the fabri- 
cation facility so as to reduce the total "dwell" or "cycle" 
time of each substrate in the fabrication facility. WIP re- 
duction thereby may be achieved as less WIP is needed 
to produce the same factory output. 

SUMMARY OF THE INVENTION 

[0009] In a first aspect of the invention, a first method 
of managing work in progress within a small lot size 
semiconductor device manufacturing facility is provid- 
ed. The first method includes providing a small lot size 
semiconductor device manufacturing facility having (1) 
a plurality of processing tools; and (2) a high speed 
transport system adapted to transport small lot size sub- 
strate carriers among the processing tools. The first 
method further includes maintaining a predetermined 
work in progress level within the small lot size semicon- 
ductor device manufacturing facility by (1) increasing an 
average cycle time of low priority substrates within the 
small lot size semiconductor device manufacturing fa- 
cility; and (2) decreasing an average cycle time of high 
priority substrates within the small lot size semiconduc- 
tor device manufacturing facility so as to approximately 
maintain the predetermined work in progress level with- 
in the small lot size semiconductor device manufactur- 
ing facility. 

[0010] In a second aspect of the invention, a second 
method of managing work in progress within a small lot 
size semiconductor device manufacturing facility is pro- 
vided. The second method includes providing a small 
lot size semiconductor device manufacturing facility 
having (1) a plurality of processing tools; (2) small lot 



size substrate carrier storage locations proximate each 
of the processing tools; and (3) a high speed transport 
system adapted to transport small lot size substrate car- 
riers among the processing tools. The second method 
5 further includes (1 ) storing small lot size substrate car- 
riers containing low priority substrates within the small 
lot size substrate carrier storage locations of one or 
more of the processing tools; and (2) processing high 
priority substrates available to the one or more of the 
10 processing tools ahead of the stored low priority sub- 
strates so as to reduce cycle time of high priority sub- 
strates without correspondingly reducing work in 
progress within the small lot size semiconductor device 
manufacturing facility. 
15 [0011] In athird aspect of the invention, a third method 
of managing work in progress within a small lot size 
semiconductor device manufacturing facility is provid- 
ed. The third method includes providing a small lot size 
semiconductor device manufacturing facility having (1) 
20 a plurality of processing tools; (2) small lot size substrate 
carrier storage locations proximate each of the process- 
ing tools; and (3) a high speed transport system adapted 
to transport small lot size substrate carriers among the 
processing tools. The third method also includes (1) 
25 storing small lot size substrate carriers containing low 
priority substrates and small lot size substrate carriers 
containing high priority substrates within the small lot 
size substrate carrier storage locations of one or more 
of the processing tools; and (2) priorto processing within 
30 the one or more of the processing tools, storing high pri- 
ority substrates for a shorter time period on average 
than low priority substrates so as to reduce cycle time 
of high priority substrates without correspondingly re- 
ducing work in progress within the small lot size semi- 
35 conductor device manufacturing facility. 

[0012] In a fourth aspect of the invention, a fourth 
method of managing work in progress within a small lot 
size semiconductor device manufacturing facility is pro- 
vided. The fourth method includes providing a small lot 
40 size semiconductor device manufacturing facility having 
(1 ) a plurality of processing tools; and (2) a high speed 
transport system adapted to transport small lot size sub- 
strate carriers among the processing tools. The fourth 
method also includes processing high and low priority 
45 substrates within the small lot size semiconductor de- 
vice manufacturing facility with different cycle times 
while keeping average cycle time and work in progress 
at approximately the same level as average cycle time 
and work in progress of a large lot size semiconductor 
50 device manufacturing facility. 

[0013] In a fifth aspect of the invention, a fifth method 
of managing work in progress within a small lot size 
semiconductor device manufacturing facility is provid- 
ed. The fifth method includes providing a small lot size 
55 semiconductor device manufacturing facility having (1) 
a plurality of processing tools; and (2) a high speed 
transport system adapted to transport small lot size sub- 
strate carriers among the processing tools. The fifth 
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method further includes processing substrates within 
the small lot size semiconductor device manufacturing 
facility with a lower average cycle time than a large lot 
size semiconductor device manufacturing facility while 
maintaining approximately the same overall output as 
the large lot size semiconductor device manufacturing 
facility. 

[0014] In a sixth aspect of the invention, a sixth meth- 
od of managing work in progress within a small lot size 
semiconductor device manufacturing facility is provid- 
ed. The sixth method includes providing a small lot size 
semiconductor device manufacturing facility having (1) 
a plurality of processing tools; and (2) a high speed 
transport system adapted to transport small lot size sub- 
strate carriers among the processing tools. The sixth 
method also includes processing substrates within the 
small lot size semiconductor device manufacturing fa- 
cility with approximately the same average cycle time 
and work in progress as a large lot size semiconductor 
device manufacturing facility while increasing output of 
the small lot size semiconductor device manufacturing 
facility relative to the large lot size semiconductor device 
manufacturing facility. 

[0015] In a seventh aspect of the invention, a seventh 
method of managing work in progress within a small lot 
size semiconductor device manufacturing facility is pro- 
vided. The seventh method includes providing a small 
lot size semiconductor device manufacturing facility 
having (1) a plurality of processing tools; and (2) a high 
speed transport system adapted to transport small lot 
size substrate carriers among the processing tools. The 
seventh method also includes (1) identifying work in 
progress that is not to be processed within a predeter- 
mined time period; (2) transferring the identified work in 
progress from small lot size substrate carriers to large 
lot size substrate carriers; and (3) storing the large lot 
size substrate carriers in volume storage. Numerous 
other aspects are provided, as are systems and appa- 
ratus in accordance with these and other aspects of the 
invention. 

[0016] Other features and aspects of the present in- 
vention will become more fully apparent from the follow- 
ing detailed description, the appended claims and the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE FIGURES 

[0017] 

FIG. 1 is an exemplary graph of semiconductor de- 
vice fabrication facility (FAB) cycle time or WIP ver- 
sus facility output for large and small lot size sub- 
strate carriers. 

FIG. 2 is a schematic diagram of an exemplary 
small lot size (SLS) semiconductor device manu- 
facturing facility provided in accordance with the 
present invention. 



DETAILED DESCRIPTION 

[0018] As stated, for a fully operational fabrication fa- 
cility, reducing WIP decreases capital and manufactur- 
5 ing costs. However, reduced WIP also may place a sem- 
iconductor device manufacturing facility as risk. For in- 
stance, when a processing tool within a fabrication line 
becomes non-operational (e.g., "goes down" due to 
equipment failure, for periodic maintenance or cleaning, 
etc.), WIP may provide sufficient substrate buffering to 
allow continued factory output until the non-operational 
tool becomes operational (e.g., is brought "back on 
line"). Insufficient WIP, on the other hand, may cause 
the manufacturing line to sit idle. 

[0019] In general, when average cycle time per sub- 
strate is reduced within a semiconductor device manu- 
facturing facility, a corresponding reduction (e.g., a sim- 
ilar, proportional or otherwise-related reduction) in work 
in progress is realized as, on average, more substrates 
may be moved through the facility. In accordance with 
at least one embodiment of the present invention, aver- 
age cycle time per substrate may be maintained approx- 
imately constant by increasing the cycle time of low pri- 
ority substrates while decreasing the cycle time of high 
priority substrates. (Note that low and high priority sub- 
strates may be distributed over a range of priority val- 
ues, such as from priority 1 to priority 1 00 or over some 
other suitable priority range). In this manner, the rela- 
tionship between the cycle time of high priority sub- 
strates and work in progress may be decoupled (e.g.. 
reduced or eliminated) such that a decrease in high pri- 
ority substrate cycle time does not produce a corre- 
sponding decrease in work in progress within a semi- 
conductor device fabrication facility employing the 
present invention. 

[0020] To reduce average cycle time in accordance 
with the present invention, "small lot" size substrate car- 
riers are employed with a high speed substrate carrier 
transport system. The high speed substrate carrier 
transport system may transport substrate carriers within 
a semiconductor device fabrication facility at a signifi- 
cantly higher speed than conventional transport sys- 
tems (as described below). Accordingly, any given sub- 
strate carrier may be routed through the facility faster. 
[0021] As used herein, a "small lot" size substrate car- 
rier refers to a substrate carrier that is adapted to hold 
significantly fewer substrates than a conventional "large 
lot" size substrate carrier which typically holds 1 3 or 25 
substrates. As an example, in one embodiment, a small 
lot size substrate carrier is adapted to hold 5 or less sub- 
strates. Other small lot size carriers may be employed 
(e.g., small lot size carriers that hold 1 , 2, 3, 4 or more 
than five substrates, but significantly less than that of a 
large lot size substrate carrier). In general, each small 
lot size substrate carrier may hold too few substrates for 
human transport of substrates carriers to be viable with- 
in a semiconductor device manufacturing facility. 
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USE OF SMALL LOT SIZES DURING 
SEMICONDUCTOR DEVICE MANUFACTURING 

[0022] FIG. 1 is an exemplary graph of semiconductor 
device fabrication facility (FAB) cycle time or WIP versus 
facility output for large and small lot size substrate car- 
riers. With reference to FIG. 1 , curve 100 illustrates cy- 
cle time or WIP versus facility output for a typical semi- 
conductor device fabrication facility configured to trans- 
port large lot size substrate carriers. Curve 102 illus- 
trates cycle time or WIP versus facility output for a sem- 
iconductor device fabrication facility configured to trans- 
port small lot size substrate carriers in accordance with 
the present invention. 

[0023] Curve 100 illustrates how facility output in- 
creases with WIP. As WIP continues to increase, facility 
output also increases. Eventually large WIP increases 
are required for relatively small output gains. According- 
ly, to provide facility output predictability, large lot size 
facilities typically operate near the knee of curve 1 00 (as 
represented by reference numeral 1 04). At such a loca- 
tion, facility output is near its maximum and small in- 
creases or decreases in cycle time or WIP have little 
effect on facility output. 

[0024] Curve 1 02 illustrates how use of small lot size 
substrate carriers with a high speed substrate carrier 
transport system (described below) can affect WIP and/ 
orfacility output. For example, as shown in FIG. 1 , curve 
102 is shifted to the right and down relative to curve 100. 
Such a shift indicates that the same level of facility out- 
put can be maintained with less WIP (as indicated by 
reference numeral 106). Alternatively, if the same level 
of WIP is desired within the small lot size facility as is 
present in the large lot size facility governed by curve 
100, output within the small lot size facility may be in- 
creased (as in indicated by reference numeral 108). In 
at least one embodiment of the invention, factory output 
is increased through a slight reduction in Wl P, as shown, 
for example, by reference numeral 110. Other operating 
points along the curve 1 02 also may be employed. 
[0025] Selection of the "optimal" operating point on 
the curve 1 02 depends on numerous factors. For exam- 
ple, some products have long product life cycles and rel- 
atively stable prices (e.g., devices for embedded appli- 
cations such as devices used within industrial equip- 
ment or other long-product-life applications). Devices 
used in these products can be fabricated and stored in 
inventory for sale at later dates with little financial risk. 
Substrates for such devices may be classified as low 
priority and used to fill capacity of the fabrication facility. 
As inventories become depleted, the priority for these 
substrates may be increased as required to meet com- 
mitted business arrangements (e.g., lead time, stocking 
levels, etc.). 

[0026] Substrates for devices used in mature, com- 
modity products, such as DRAM products that have 
been on the market for 3-4 years, also are candidates 
for low priority substrates. Yields for these devices are 



generally high, and the commodity nature of the product 
employing the devices ensures that a market exists. Ac- 
cordingly, inventory obsolescence is unlikely, but profit 
potential is relatively low. However, such substrates may 
5 provide capacity fill in to ensure that equipment is con- 
tinually utilized to build revenue generating product. 
[0027] New products characteristically provide high 
gross margins. Substrates for devices used in such 
products may be given a high priority. In this manner 
10 the fabrication facility may increase profit per substrate 
by biasing production to higher gross margin products. 
New products often experience rapid selling erosion due 
to competition and marketing strategies that push lower 
pricingto expand market penetration. Placing higher pri- 
15 ority on these products and selectively reducing the 
manufacturing cycle time may increase the product vol- 
ume that can be sold at higher gross margin. Substrates 
for devices used in products with a short-life cycle also 
may be given a high priority. Short life cycle products 
20 may include, for example, customized devices for con- 
sumer electronics such as specialized memory devices 
for digital cameras, video game controllers, cell phone 
components, etc. More risk exists in creating an inven- 
tory of these type of devices as prices may drop rapidly 
25 as they approach obsolescence. 

[0028] Special order devices or devices under devel- 
opment, undergoing changes or undergoing special 
quality tests, are often handled specially in fabrication 
facilities; and substrates used for the fabrication of such 
30 devices are often referred to as "hot lots" or "super hot 
lots". Hot lots are often prioritized to be moved to the 
front of a queue for each process step. Super hot lots 
may be given higher priority and equipment may be re- 
served, or kept idle, waiting for the super hot lot sub- 
35 strates to arrive. In a conventional fabrication facility that 
employs 13 or 25 substrates per lot, the use of hot lots 
and super hot lots may cause significant disruptions in 
process flow. However, as described further below, in a 
small lot size fabrication facility provided in accordance 
40 with the present invention, special order and other sim- 
ilar devices may be interlaced into the existing produc- 
tion flowwith little loss of tool utilization. Substrates used 
for the fabrication of such devices may be given the 
highest priority within the fabrication facility. 

45 

EXEMPLARY SMALL LOT SIZE SEMICONDUCTOR 

DEVICE MANUFACTURING FACILITY 

50 [0029] FIG. 2 is a schematic diagram of an exemplary 
small lot size (SLS) semiconductor device manufactur- 
ing facility 200 provided in accordance with the present 
invention. With reference to FIG. 2, the SLS facility 200 
includes a high speed substrate carrier transport system 
55 202 adapted to deliver small lot size substrate carriers 
to a plurality of processing tools 204. Local storage or 
buffering 206 is provided at or near each processing tool 
204 for local storage of Wl P. Additional, volume storage 
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or buffering 208 also may be provided (e.g., volume 
stocking for accommodating peaks in WIP that develop 
during manufacturing and for longer term storage of 
WIP). 

[0030] Carrier opening devices 210 are provided at 
each processing tool 204 for opening small lot size sub- 
strate carriers so that substrates contained therein may 
be extracted therefrom, processed and/or returned 
thereto. Mechanisms (not separately shown) are provid- 
ed for transferring small lot size substrate carriers from 
the high speed transport system 202 to the carrier open- 
ing devices 210 of each processing tool 204 as de- 
scribed further below. 

[0031] An automation communications and/or soft- 
ware system 21 2 is provided for controlling operation of 
the fabrication facility 200, and may include, for exam- 
ple, a manufacturing execution system (MES), a Mate- 
rial Control System (MCS), a Scheduler or the like. A 
separate delivery system controller 214 for controlling 
delivery of small lot size substrate carriers to the 
processing tools 204 is shown in FIG. 2. It will be appre- 
ciated that the delivery system controller 214 may be 
part of the automation communications and/or software 
system 212; and/or that a separate MES, MCS or 
Scheduler may be employed. 

[0032] Most processing tools, even in a large lot size 
fabrication facility, process substrates in small batches 
(e.g., by processing one or two substrates per process- 
ing chamber at a time). However, some processing 
tools, such as furnaces or wet processing tools, process 
substrates in large batch sizes (e.g., from about 25 to 
200 substrates per batch). Accordingly, the small lot size 
fabrication facility 200 may be adapted to accommodate 
the delivery, storage and operating requirements of 
large batch size processing tools. One such exemplary 
large batch size processing tool is indicated by refer- 
ence numeral 216 in FIG. 2. 

[0033] Many large batch size processing tools utilize 
an equipment front end module (EFEM), not separately 
shown, to remove substrates directly from a large lot 
size carrier with a robot blade (e.g., one substrate at a 
time). Individual substrates then are transferred by the 
processing tool to a process chamber as required to 
build the necessary large batch for processing. By pro- 
viding local storage of small lot size substrate carriers 
at such a processing tool, a large substrate batch may 
be built using an equipment front end module of a large 
batch size processing tool within the small lot size fab- 
rication facility 200. 

[0034] Other large batch size processing tools pull 
complete large lot size carriers into an internal buffer, or 
simultaneously pull multiple substrates from a large lot 
size substrate carrier into a internal buffer. For such 
tools, a sorter module 218 that moves substrates from 
small lot size carriers to large lot size carriers may be 
employed within the small lot size fabrication facility 200. 
[0035] As stated, the high speed transport system 202 
is adapted to deliver small lot size substrate carriers to 



the plurality of processing tools 204. Such a system pref- 
erably has a move rate capacity of at least 2 times the 
average rate required for normal production capacity (e. 
g., to be able to respond to peaks in move rate require- 
5 ments that occur during normal production). Additional- 
ly, the system preferably has the ability to re-direct, re- 
route or re-move substrates to different processing tools 
in response to factory anomalies, excursions and/or 
manufacturing processing changes (e.g. ; un-scheduled 
maintenance, priority changes, manufacturing yield 
problems, etc.). 

[0036] U.S. Patent Application Serial No. 10/650,310, 
filed August 28, 2003 (the '310 Application), discloses a 
substrate carriertransport system (e.g., a conveyor) that 
may be used as the small lot size substrate carrier trans- 
port system 202. The transport system of the '310 Ap- 
plication continues to move during substrate carrier un- 
loading and loading operations. A load/unload mecha- 
nism may be associated with each processing tool or 
group of processing tools and operate to load and/or un- 
load substrate carriers from or onto the transport system 
while the transport system is moving. Each load/unload 
mechanism may include a load/unload member that is 
moved during a load or unload operation so as to sub- 
stantially match the velocity at which the transport sys- 
tem carries substrate carriers. The load and/or unload 
member is thus adapted to ensure gentle substrate/sub- 
strate carrier handling. The transport system of the 31 0' 
Application may be operated at significantly higher 
speeds than conventional large lot size transport sys- 
tems; and can easily accommodate re-directing, re-rout- 
ing and/or re-moving of substrates to different process- 
ing tools in response to factory anomalies, excursions 
and/or manufacturing processing changes. Other sub- 
strate carrier transport systems may be similarly em- 
ployed. 

[0037] One particular embodiment of a suitable high 
speed transport system is described in U.S. Patent Ap- 
plication Serial No. 60/443,087, filed January 27, 2003 
(the '087 Application). The '087 Application describes a 
conveyor system that may include a ribbon of stainless 
steel or a similar material that forms a closed loop within 
at least a portion of a semiconductor device manufac- 
turing facility and that transports substrate carriers 
therein. By orienting the ribbon so that a thick portion of 
the ribbon resides within a vertical plane and a thin por- 
tion of the ribbon resides within a horizontal plane, the 
ribbon is flexible in the horizontal plane and rigid in the 
vertical plane. Such a configuration allows the inventive 
conveyor to be constructed and implemented inexpen- 
sively. For example, the ribbon requires little material to 
construct, is easy to fabricate and, due to its vertical ri- 
gidity/strength, can support the weight of numerous sub- 
strate carriers without supplemental support structure 
(such as rollers or other similar mechanisms used in 
conventional, horizontally-oriented belt-type conveyor 
systems). Furthermore, the conveyor system is highly 
customizable because the ribbon may be bent, bowed 



15 



20 



25 



30 



35 



40 



45 



50 



6 



11 



EP 1 450 393 A2 



12 



or otherwise shaped into numerous configurations due 
to its lateral flexibility. 

[0038] As shown in FIG. 2, the SLS fabrication facility 
200 may include additional high speed transport sys- 
tems as indicated by reference numerals 202' and 202". 
Few or more than three such transport systems may be 
employed. Additional high speed transport systems may 
be employed, for example, to transfer small lot size sub- 
strate carriers to other portion of a fabrication facility, 
such as to equipment that processes substrates stored 
in large lot size substrate carriers, different physical ar- 
eas of the fabrication facility (such as an expanded area 
of the facility), etc. One or more transfer mechanisms 
220 may be employed to transfer substrate carriers be- 
tween the high speed transport systems 200 ; 200', and 
200" and/or to provide additional substrate carrier stor- 
age. In at least on embodiment of the invention, one or 
more substrate carrier handlers and a rotary substrate 
carrier stage may be employed to remove a substrate 
carrier from a first high speed transport system (e.g., 
high speed transport system 200 in FIG. 2) and transfer 
the substrate carrier to a second high speed transport 
system (e.g.. high speed transport system 200' in FIG. 
2) or vice versa. Such a system and method is described 
in U.S. Provisional Patent Application Serial No. 
60/520,035, filed November 13, 2003 (Docket No. 
8195/L). 

[0039] To avoid depletion of substrate carriers from 
the high speed transport system 202, each processing 
tool 204 may include local storage for buffering or stor- 
ing Wl P (as stated). Stand-alone operation of a process- 
ingtool without needing the high speed transport system 
202 to deliver substrates to the tool thereby may be pro- 
vided. Because many conventional processing tools ac- 
commodate at least two large lotsize (e.g. . 25) substrate 
carriers, in at least one embodiment of the invention, lo- 
cal storage at or near each processing tool 204 is adapt- 
ed to store a similar number of substrates by storing nu- 
merous small lot size substrate carriers at or near each 
processing tool (e.g., about 50 or more small lot size 
carriers in one embodiment). Other or different numbers 
of substrate carriers also may be stored at or near each 
processing tool 204 (e.g. , fewer than 50, more than 50, 
etc.). 

[0040] U.S. Provisional Application Serial No. 
60/443,115, filed January 27, 2003, discloses a high- 
speed bay-distributed stocker (HSBDS) having a chas- 
sis which is notably longer in a direction of travel of a 
high speed transport system it serves, as compared to 
conventional bay-distributed stockers. The HSBDS fea- 
tures a high-speed substrate carrier handler adapted to 
load substrate carriers onto and unload substrate carri- 
ers from a high speed transport system. The HSBDS 
also includes additional columns of substrate carrier 
storage shelves for providing additional substrate buff- 
ering. Other systems for providing local storage may be 
employed (e.g., distributed stockers ; field stockers, 
overhead/ceiling mounted tables or shelves, etc). 



[0041] Volume storage or buffering 208 may provide 
volume stocking for accommodating peaks in WIP that 
develop during manufacturing and for longer term stor- 
age of WIP. For example, orders placed on hold, non- 
5 product substrates, and the like may be placed in vol- 
ume storage or buffering. Selection of the capacity of 
such volume storage or buffering is driven by fabrication 
facility requirements. Volume storage or buffering 208 
may include, for example, small lot size stockers along 
a high speed transport loop, large lot size stockers on 
the high speed transport path oralongaslowertransport 
path (not shown), another type of high density storage, 
distributed stockers, field stockers, overhead and/or 
ceiling mounted tables or shelves, etc. Substrates 
stored in small lot size substrate carriers may be trans- 
ferred to large lot size carriers via a sorter, and subse- 
quently placed in a high density storage location. 
[0042] In at least one embodiment of the invention, 
work in progress that is low usage (e.g., inactive WIP 
such as substrates put on engineering hold, test sub- 
strates, non-production substrates, substrates built for 
long term hold, etc.) may be stored in large lot size sub- 
strate carriers that have greater storage capacity (as the 
cost of storing substrates within such high density car- 
riers is generally cheaper than using small lot size car- 
rier storage). For example, low use WIP may be trans- 
ferred from small lot size carriers into large lot size car- 
riers (e.g., via a sorter) and stored in volume stockers. 
If the low use WIP is not to be processed within a pre- 
determined time period (e.g., 5 days or some other time 
period), the WIP may be transferred from small lot size 
carriers to large lot size carriers (e.g., carriers that store 
1 3 or 25 substrates) and transferred to another location 
within the fabrication facility 200. For example, volume 
storage 208' may include large lot size volume stockers 
adapted to store low usage Wl P at a location away from 
the main processing area of the fabrication facility 200. 
[0043] During loading and unloading of substrate car- 
riers at a processing tool 204, communication between 
the processing tool 204 and the fabrication facility 200 
may provide lot identification information, processing 
parameters, tool operating parameters, processing in- 
structions, or the like. The automation communications 
and/or software system 212 is designed to handle this 
and other communications. Preferably such communi- 
cation is rapid enough so as not to delay substrate 
processing. For example, atypical requirement for load- 
ing of a substrate carrier at a factory interface of a 
processing tool may be less than about 200 seconds, 
and in some cases less than 30 seconds. 
[0044] In at least one embodiment of the invention, 
the automation communication and/or software system 
212 is adapted to perform substrate-level tracking (as 
opposed to carrier level tracking typically employed in a 
large lot size environment) and may reference sub- 
strates grouped as a lot if necessary. Such a substrate- 
based approach may increase performance of the fab- 
rication facility 200 and may prevent software restric- 
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tions from negating the benefits of small lot size manu- 
facturing. 

[0045] The carrier opening devices 210 at each 
processing tool 204 (for opening small lot size substrate 
carriers so that substrates contained therein may be ex- 
tracted therefrom, processed and/or returned thereto) 
preferably employ industry standard interfaces (e.g., 
SEMI standards) to minimize facility -wide implementa- 
tion costs. Alternative carrier opening mechanisms may 
be employed. For example, U.S. Patent Application Se- 
rial No. 10/650,311, filed August 28, 2003, discloses a 
door latching mechanism of a substrate carrier that is 
automatically unlatched by interaction of the latching 
mechanism with an actuator mechanism at a substrate 
transfer location (e.g., of a processing tool that may be 
used, for example, during semiconductor device manu- 
facturing). The same actuator mechanism also may re- 
lease a substrate clamping mechanism that may be part 
of the substrate carrier (e.g., and that secures a sub- 
strate stored by the substrate carrier during transport). 
Likewise, U.S. Patent Application Serial No. 
1 0/650,31 2, filed August 28, 2003, describes the use of 
movement of a substrate carrier toward a port of a sub- 
strate transfer location to cause the door of the substrate 
carrier to open. Movement of the substrate carrier away 
from the port of the substrate transfer location causes 
the door of the substrate carrier to close. Other carrier 
opening methods and apparatus may be employed. 
[0046] Because of the relatively low move rates em- 
ployed within large lot size fabrication facilities, human 
operators may move lots between processing tools 
when needed (e.g., when an automated transport sys- 
tem fails). For small lot size manufacturing, the required 
move rate is so large that use of human operators is 
typically impractical. As a result, redundant systems 
(other than human operators) may be employed to en- 
sure proper facility operation. Such redundant systems 
may include, for example, additional control system 
computers, software databases, automated transport 
systems and the like (not separately shown). 
[0047] In at least one embodiment of the invention, 
the small lot size fabrication facility 200 may include, for 
example, the ability to install and set up new processing 
tools while the high speed transport system 200 is op- 
erating (e.g., is in motion and/or servicing other tools). 
U.S. Provisional Patent Application Serial No. 
60/520,180, filed November 13, 2003 (8158/L), de- 
scribes methods by which a high speed substrate carrier 
transfer station (for loading substrate carriers onto and 
for removing substrate carriers from a high speed sub- 
strate carrier transport system) may be aligned and cal- 
ibrated to a high speed substrate carrier transport sys- 
tem while the transport system is in motion. The sub- 
strate carrier hand-off function of the transfer station 
may then be tested, and the high-speed transfer station 
placed into service. Other methods/systems also may 
be employed. 

[0048] Use of a small lot size fabrication facility such 



as that described above with reference to FIG. 2 pro- 
vides numerous advantages over conventional large lot 
size fabrication facilities. For example, a small lot size 
fabrication facility may provide greater versatility. As de- 
5 scribed with reference to FIG. 1 , for an equivalent set of 
processing tools, a small lot size fabrication facility may 
be operated at (1) equivalent output with reduced cycle 
time; (2) equivalent cycle time with increase factory out- 
put; or (2) at some point therebetween. The facility op- 
erating conditions (versus a large lot size baseline) may 
be tuned based on business needs or other conditions 
to place priority on either cycle time reduction or in- 
creased capacity. Further, through use of the high 
speeds substrate carrier transport system , special order 
and other similar devices may be interlaced into the ex- 
isting production flow with little loss of tool utilization. 
Hot lots and/or super hot lots typically may be processed 
within the small lot size fabrication facility with less im- 
pact to fabrication facility output rate. Less excess ca- 
pacity thereby may be required to process hot lots and/ 
or super hot lots. 

[0049] The foregoing description discloses only ex- 
emplary embodiments of the invention. Modifications of 
the above disclosed apparatus and method which fall 
within the scope of the invention will be readily apparent 
to those of ordinary skill in the art. For instance, other 
configurations for a small lot size fabrication facility may 
be employed such as different processing tool, storage 
device and/or transport system layouts and/or types, 
more or fewer processing tools, storage devices and/or 
transport systems, etc. In at least one embodiment, a 
substrate carrier cleaner 222 may be provided for clean- 
ing small lot size substrate carriers. In this manner sub- 
strate carriers may be cleaned so as to prevent cross- 
contamination of incompatible processes. A small lot 
size semiconductor device manufacturing facility such 
as that shown in FIG. 2 may form a part or subset of a 
larger semiconductor device manufacturing facility (e. 
g., that may include one or more other small lot size 
semiconductor device manufacturing facilities and/or 
one or more large lot size semiconductor device manu- 
facturing facilities). For instance, a small lot size semi- 
conductor device manufacturing facility may be em- 
ployed to reduce the cycle time of all or a portion of an 
interconnectformation phase of device production. That 
is, a small lot size semiconductor device manufacturing 
facility provided in accordance with the invention may 
be employed to selectively accelerate a portion of de- 
vice processing time. As another example, in a lithogra- 
phy bay, a small lot size fabrication module may be used 
to improve the cycle time for metrology, substrate re- 
works, etc. 

[0050] The automation communication and/or soft- 
ware system 212. the delivery system controller 214 
and/or any other controller may be programmed or oth- 
erwise configured to perform numerous WIP manage- 
ment functions. For instance, in at least one embodi- 
ment of the invention, such a system and/or controller 
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may be configured to maintain a predetermined work in 
progress level within the small lot size semiconductor 
device manufacturing facility 200 by (1) increasing an 
average cycle time of low priority substrates within the 
small lot size semiconductor device manufacturing fa- 
cility 200; and (2) decreasing an average cycle time of 
high priority substrates within the small lot size semicon- 
ductor device manufacturing facility 200 so as to approx- 
imately maintain a predetermined work in progress level 
within the small lot size semiconductor device manufac- 
turing facility 200. In another embodiment of the inven- 
tion, the system and/or controller may be configured to 
(1 ) store small lot size substrate carriers containing low 
priority substrates within small lot size substrate carrier 
storage locations of one or more of the processing tools 
204; and (2) process high priority substrates available 
to the one or more of the processing tools 204 ahead of 
the stored low priority substrates so as to reduce cycle 
time of high priority substrates without correspondingly 
reducing work in progress within the small lot size sem- 
iconductor device manufacturing facility 200. 
[0051] In yet another embodiment of the invention, 
such a system and/or controller may be configured to 
(1 ) store small lot size substrate carriers containing low 
priority substrates and small lot size substrate carriers 
containing high priority substrates within small lot size 
substrate carrier storage locations of one or more of the 
processing tools 204; and (2) prior to processing within 
the one or more of the processing tools 204, store high 
priority substrates for a shorter time period on average 
than low priority substrates so as to reduce cycle time 
of high priority substrates without correspondingly re- 
ducing work in progress within the small lot size semi- 
conductor device manufacturing facility 200. 
[0052] In a further embodiment of the invention, such 
a system and/or controller may be configured to process 
high and low priority substrates within the small lot size 
semiconductor device manufacturing facility 200 with 
different cycle times while keeping average cycle time 
and work in progress at approximately the same level 
as average cycle time and work in progress of a large 
lot size semiconductor device manufacturing facility 
[0053] In another embodiment of the invention, such 
a system and/or controller may be configured to process 
substrates within the small lot size semiconductor de- 
vice manufacturing facility 200 with a lower average cy- 
cletimethan a large lot size semiconductor device man- 
ufacturing facility while maintaining approximately the 
same overall output as the large lot size semiconductor 
device manufacturing facility. 

[0054] In yet a further embodiment of the invention, 
such a system and/or controller may be configured to 
process substrates within the small lot size semiconduc- 
tor device manufacturing facility 200 with approximately 
the same average cycle time and work in progress as a 
large lot size semiconductor device manufacturing facil- 
ity while increasing output of the small lot size semicon- 
ductor device manufacturing facility 200 relative to the 



large lot size semiconductor device manufacturing facil- 
ity. 

[0055] In still a further embodiment of the invention, 
such a system and/or controller may be configured to 

5 (1 ) identified work in progress that is not to be processed 
within a predetermined time period; (2)transferthe iden- 
tified work in progress from small lot size substrate car- 
riers to large lot size substrate carriers; and store the 
large lot size substrate carriers in volume storage. 

10 [0056] Accordingly, while the present invention has 
been disclosed in connection with exemplary embodi- 
ments thereof, it should be understood that other em- 
bodiments may fall within the spirit and scope of the in- 
vention, as defined by the following claims. 

15 

Claims 

1. A method of managing work in progress within a 
20 small lot size semiconductor device manufacturing 

facility comprising: 

providing a small lot size semiconductor device 
manufacturing facility having: 

25 

a plurality of processing tools; and 
a high speed transport system adapted to 
transport small lot size substrate carriers 
among the processing tools; and 

30 

maintaining a predetermined work in progress 
level within the small lot size semiconductor de- 
vice manufacturing facility by: 

35 increasing an average cycle time of low pri- 

ority substrates within the small lot size 
semiconductor device manufacturing facil- 
ity; and 

decreasing an average cycle time of high 
40 priority substrates within the small lot size 

semiconductor device manufacturing facil- 
ity so as to approximately maintain the pre- 
determined work in progress level within 
the small lot size semiconductor device 
45 manufacturing facility. 

2. The method of claim 1 wherein the small lot size is 
5 or fewer substrates. 

50 3. The method of claim 2 wherein the small lot size is 
3 or fewer substrates. 

4. The method of claim 1 wherein increasing an aver- 
age cycle time of low priority substrates and de- 
55 creasing an average cycle time of high priority sub- 
strates comprises prior to processing, storing small 
lot size substrate carriers containing low priority 
substrates within the small lot size substrate carrier 
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storage locations of one or more of the processing 
tools for a longer time period than small lot size sub- 
strate carriers containing high priority substrates. 

5. A method of managing work in progress within a 
small lot size semiconductor device manufacturing 
facility comprising: 

providing a small lot size semiconductor device 
manufacturing facility having: 

a plurality of processing tools; 
small lot size substrate carrier storage lo- 
cations proximate each of the processing 
tools; and 

a high speed transport system adapted to 
transport small lot size substrate carriers 
among the processing tools; 

storing small lot size substrate carriers contain- 
ing low priority substrates within the small lot 
size substrate carrier storage locations of one 
or more of the processing tools; and 
processing high priority substrates available to 
the one or more of the processing tools ahead 
of the stored low priority substrates so as to re- 
duce cycle time of high priority substrates with- 
out correspondingly reducing work in progress 
within the small lot size semiconductor device 
manufacturing facility. 

6. The method of claim 5 wherein the small lot size is 
5 or fewer substrates. 

7. The method of claim 6 wherein the small lot size is 
3 or fewer substrates. 

8. A method of managing work in progress within a 
small lot size semiconductor device manufacturing 
facility comprising: 

providing a small lot size semiconductor device 
manufacturing facility having: 



prior to processing within the one or more of the 
processing tools, storing high priority sub- 
strates for a shorter time period on average 
than low priority substrates so as to reduce cy- 
5 cle time of high priority substrates without cor- 

respondingly reducing work in progress within 
the small lot size semiconductor device manu- 
facturing facility. 

10 9. A method of managing work in progress within a 
small lot size semiconductor device manufacturing 
facility comprising: 

providing a small lot size semiconductor device 
15 manufacturing facility having: 

a plurality of processing tools; and 
a high speed transport system adapted to 
transport small lot size substrate carriers 
20 among the processing tools; and 

processing high and low priority substrates 
within the small lot size semiconductor device 
manufacturing facility with different cycle times 
25 while keeping average cycle time and work in 

progress at approximately the same level as 
average cycle time and work in progress of a 
large lot size semiconductor device manufac- 
turing facility. 

30 

10. A method of managing work in progress within a 
small lot size semiconductor device manufacturing 
facility comprising: 

35 providing a small lot size semiconductor device 

manufacturing facility having: 

a plurality of processing tools; and 
a high speed transport system adapted to 
40 transport small lot size substrate carriers 

among the processing tools; and 

processing substrates within the small lot size 
semiconductor device manufacturing facility 
with a lower average cycle time than a large lot 
size semiconductor device manufacturing facil- 
ity while maintaining approximately the same 
overall output as the large lot size semiconduc- 
tor device manufacturing facility. 

11. A method of managing work in progress within a 
small lot size semiconductor device manufacturing 
facility comprising: 

providing a small lot size semiconductor device 
manufacturing facility having: 

a plurality of processing tools; and 



a plurality of processing tools; 45 
small lot size substrate carrier storage lo- 
cations proximate each of the processing 
tools; and 

a high speed transport system adapted to 
transport small lot size substrate carriers 50 
among the processing tools; 

storing small lot size substrate carriers contain- 
ing low priority substrates and small lot size 
substrate carriers containing high priority sub- 55 
strates within the small lot size substrate carrier 
storage locations of one or more of the process- 
ing tools; and 
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12. 



a high speed transport system adapted to 
transport small lot size substrate carriers 
among the processing tools; and 

processing substrates within the small lot size 
semiconductor device manufacturing facility 
with approximately the same average cycle 
time and work in progress as a large lot size 
semiconductor device manufacturing facility 
while increasing output of the small lot size 
semiconductor device manufacturing facility 
relative to the large lot size semiconductor de- 
vice manufacturing facility. 

A method of managing work in progress within a 
small lot size semiconductor device manufacturing 
facility comprising: 

providing a small lot size semiconductor device 
manufacturing facility having: 

a plurality of processing tools; and 
a high speed transport system adapted to 
transport small lot size substrate carriers 
among the processing tools; and 
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a plurality of processing tools; and 

a high speed transport system adapted to 

transport small lot size substrate carriers 

among the processing tools; and 

at least one controller adapted to: 

maintain a predetermined work in progress 
level within the small lot size semiconduc- 
tor device manufacturing facility by: 

increasing an average cycle time of 
low priority substrates within the small 
lot size semiconductor device manu- 
facturing facility; and 
decreasing an average cycle time of 
high priority substrates within the small 
lot size semiconductor device manu- 
facturing facility so as to approximately 
maintain the predetermined work in 
progress level within the small lot size 
semiconductor device manufacturing 
facility. 

18. A small lot size semiconductor device manufactur- 
ing facility having: 



identifying work in progress that is not to be 
processed within a predetermined time period; 
transferring the identified work in progress from 
small lot size substrate carriers to large lot size 
substrate carriers; and 

storing the large lot size substrate carriers in 
volume storage. 

13. The method of claim 12 wherein transferring the 
identified work in progress from small lot size sub- 
strate carriers to large lot size substrate carriers 
comprises employing a sorter to transfer the identi- 
fied work in progress from the small lot size sub- 
strate carriers to the large lot size substrate carriers. 

14. The method of claim 12 wherein storing the large 
lot size substrate carrier in volume storage compris- 
es storing the large lot size substrate carriers at a 
location remote from the processing tools. 

15. The method of claim 14 further comprising storing 
small lot size substrate carrier proximate one or 
more of the processing tools. 

16. The method of claim 12 further comprising retriev- 
ing a large lot size substrate carrier from volume 
storage and transferring substrates stored therein 
back into small lot size substrate carriers. 

17. A small lot size semiconductor device manufactur- 
ing facility having: 



a plurality of processing tools; 
small lot size substrate carrier storage loca- 
tions proximate each of the processing tools; 
30 a high speed transport system adapted to 

transport small lot size substrate carriers 
among the processing tools; and 
at least one controller adapted to: 

35 store small lot size substrate carriers con- 

taining low priority substrates within the 
small lot size substrate carrier storage lo- 
cations of one or more of the processing 
tools; and 

40 process high priority substrates available 

to the one or more of the processing tools 
ahead of the stored low priority substrates 
so as to reduce cycle time of high priority 
substrates without correspondingly reduc- 
es ing work in progress within the small lot 
size semiconductor device manufacturing 
facility. 

19. A small lot size semiconductor device manufactur- 
50 ing facility having: 

a plurality of processing tools; 
small lot size substrate carrier storage loca- 
tions proximate each of the processing tools; 
55 a high speed transport system adapted to 

transport small lot size substrate carriers 
among the processing tools; and 
at least one controller adapted to: 
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store small lot size substrate carriers con- 
taining low priority substrates and small lot 
size substrate carriers containing high pri- 
ority substrates within the small lot size 
substrate carrier storage locations of one 5 
or more of the processing tools; and 
prior to processing within the one or more 
of the processing tools, store high priority 
substrates for a shorter time period on av- 
erage than low priority substrates so as to 10 
reduce cycle time of high priority sub- 
strates without correspondingly reducing 
work in progress within the small lot size 
semiconductor device manufacturing facil- 
ity. 15 

20. A small lot size semiconductor device manufactur- 
ing facility having: 

a plurality of processing tools; and 20 
a high speed transport system adapted to 
transport small lot size substrate carriers 
among the processing tools; and 
at least one controller adapted to process high 
and low priority substrates within the small lot 25 
size semiconductor device manufacturing facil- 
ity with different cycle times while keeping av- 
erage cycle time and work in progress at ap- 
proximately the same level as average cycle 
time and work in progress of a large lot size 30 
semiconductor device manufacturing facility. 



ly the same average cycle time and work in 
progress as a large lot size semiconductor de- 
vice manufacturing facility while increasing out- 
put of the small lot size semiconductor device 
manufacturing facility relative to the large lot 
size semiconductor device manufacturing facil- 
ity. 

23. A small lot size semiconductor device manufactur- 
ing facility having: 

a plurality of processing tools; and 

a high speed transport system adapted to 

transport small lot size substrate carriers 

among the processing tools; and 

at least one controller adapted to: 

identify work in progress that is not to be 
processed within a predetermined time pe- 
riod; 

transfer the identified work in progress 
from small lot size substrate carriers to 
large lot size substrate carriers; and 
store the large lot size substrate carriers in 
volume storage. 



21. A small lot size semiconductor device manufactur- 
ing facility having: 

35 

a plurality of processing tools; and 
a high speed transport system adapted to 
transport small lot size substrate carriers 
among the processing tools; and 
at least one controller adapted to process sub- 40 
strates within the small lot size semiconductor 
device manufacturing facility with a lower aver- 
age cycle time than a large lot size semicon- 
ductor device man ufactu ring facility while main- 
taining approximately the same overall output 45 
as the large lot size semiconductor device man- 
ufacturing facility. 

22. A small lot size semiconductor device manufactur- 
ing facility having: 50 

a plurality of processing tools; and 
a high speed transport system adapted to 
transport small lot size substrate carriers 
among the processing tools; and 55 
at least one controller adapted to process sub- 
strates within the small lot size semiconductor 
device manufacturing facility with approximate- 
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